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TAPERED WINGS, TIP STALLING, AND PRELIMINARY RHESULTS
FROM TESTS OF THE STALL-CONTROL FLAP

By Eastman N. Jacobs
SUMMARY

The general problem of stalling as affectling the
safety of airplanes 1s considered. The increased diffi-
cultles assoclated with modern efficient wings, particu-
larly with highly tapered wings and high-1lift devices, .
are digcussed and various means are conslidered of avoid-
ing these dlfficulties with a minimum aerodynamic loss.
Finally, preliminary data are presented for the stall-
control flap and the application of these section data to
wlng deslign is briefly covered, mainly by means of an ex—
amble.

GENERAL PROBLEM

Stglling.~ The problem of avoliding excessive danger
frcm the stall has been a recurrent one. Most alrplane
marufectureres dealt with the problem rather satlisfactori-
ly sevoeral years ago, either empirically or through a
reasonably sound understanding of the phenomenon gained
as the result of regsearch work both here and abroad.

In genoral, the solutlons embodied the use of marked
statlec longltudlnal stadbility, thus provlding a deflnite
warnlng of the approaching stall through the backward
movement, position, and forces on the control column, to-
gether wlth a gradually developing stall secured either by
allowlng the upper or lower wing of a bilplane to stall
first or by using monoplanes with little or no taper and
with "inofficient" wing-fuselage Junctures, which further
tended to bring about a gradually developlng stall begin-
ning at midspan. These measures tended to assure that
tho stalled condition would develop progressively after a
reasonably definite warning: furthermore, latoral control
was often malnteined up to or beyond the stall (wing maxi-
mum 11ft), owing to the fact that the essentially effective



parts of the wing aystem, .in relation to lateral stabdlility
and control, remained unstalled even after the angle of
attack had exceeded that . of maximum lift. Inasmuch as the
pillot has little incentlive to go beyond this point, such a
solution was and s8till is consldered satisfactory.

Modern trendg.~ With such satisfactory solutions in
cozmmon use, attention has for the past few years been dl=-
verted from the problem of minimizing stalling dangers.
Modern design trends are, however, bringing the problem
back in an acute form. These trends are toward: Higher
wing loadings and landing speeds; the substitution of ef-
ficlont high-speed sectlions having more suddoen and, henco,
leoas desiradble stalling characteristica; the almost ex=-
clusive use of tapered-wing monoplanes of increased taper
regulting in en increased tendoncy for the stall to de-
volop flrst noar tho wing tip whero the effects aroc most
harmful; the low-wing position, which contributes to re-
ducod longltudinal stadility with increasing 1lift; the use
of "efficlent" wing-fuselage Junctures; and, finally, the
use of certain high-1ift devices. The high-lift device may
further add to the dangers of tip stalling, add to balance
and stablllity difficulties, and the commonly used flap usu-
ally causes a vicilous section stall corresponding to a sud-
den, large, and often unsymmetrical loss of 1lift.

These trends are so far advanced that 1t now appears
that many airplanes in common use cannot be considered
reasonably safe, even for experlenced pilots. The worst
offenders may glve no indication of an approaching stall.
which, vwhen 1t occurs, is manifested by a vicious uncon-
trolled rolling dive, that results from a sudden loss of
1lift on the right or left wing and & simultaneous loss of
latersl control.

Recont investigationg.- Practical methods of avolding
these condltions in modern types of alrplanes have been
sought, The investigations have proceeded malnly on the
theory that the vicious stall may best be avolded in mono-
vplanes by causing the wing to stall progresslively from the
contor toward the tips. Not only are the sudden loss of
11ft and the violent roll thus avoided, dPut lateral con-
trol 1s maintained through tho first stages of the stall
and the tondoncy toward an upwash on the tail surfaces as-
soclated witih the lose of 1ift near the center of the wing
nay be used to bring about a marked incroase in longitudil-
nal stablllty as the stall 1s approached.



In a preliminary investligation carried on 1n fllight,
sharp leading—edge strips extending out along the wing
from elther silde of the fuselage were employed to bring
about the desired symmetrical center-stalling characteris-—
tics. Wind-tunnel experiments with alrfolls having sharp
leading-eodge sectlions over a small portion near thelr mid-
span were also made to indicate how the flight investliga-
tion should proceed. The flight investigatlions for the
power-=off condition showed that an airplane having viclous
stalling chearacteristics could be improved, as expected,
Py thus dringing adbount a gradually and symmetrlcally de-
veloping center stall., The extreme maximum 1lift coeffi-
clent was, of course, slightly reduced but the practical
gliding or epproach speed was not increased; 1in fact, it
was actually reduced. '

Ofther methodg.~ Another proposed solutlon of the
stalling problem should be mentioned: The limlitation of
the longitudinal control in order to prevent the wing
fron reachling maximum 1ift. Even aslide from many rather
obvious practical difficulties, this method cannot neces-
sarlly be relied uvon to dispose of the problem. In any
alrnlane approaching the conventional type there willl al=-
ways exist a minimum speed below which the alrplane cannot
be melntalned in steady flight. Whether this speed 1s
defined by control limitation, loss of lateral control,
or the loss of 1ift beyond the maximum, maneuverabllity
limitations must be accepted when it is reached. In one
desirable case, for example, that of no limitation of con-
trol whatsoever with good lateral stabdlllity and control
at maximum 1ift, the limitatlion is that the alrplane in
straight flight cannot make a turn either horigontally or
to flatten the glide path in landing without first in-
creaslng the speed, which requires time and may require an
amount of altitude not avallabdble.

If the spoced is defined by longltudinal-control limi-
tation, an additional maneuveradility limitation must be
accepted; the pitch angle cannot be increased. For exam-
ple, 1f the airplane 1s over-controlled or digturbed in
gusty alr near the ground, it may be of vital importance
to restraln the normal "gtable" behavior of the alrplans
in order to prevent the nose from dropping into the ground,
even thouzh this procedure cannot flatten the glide path
and may lavolve forcing tho alrplane much beyond the nor-
mal attitude of maximum 1ift. Such odbjections may be met
by making the control stop quickly removable, dut 1t then.
becomes a warning rather then a limitation, In any event,




& waraing of the approaching maneuverability Iimitation
ls required before 1t is actually encountoered.

Warningg.~ To be effective, the warning must be given
at aa anzle considernobly below that of maximum 1ift, be-
cause fusts or lnertia effects may momentarlily carry the
alrplare boyond the warning attitude. Tho difforence in
lift betwecr that at the worning attitude and the maximunm
ls, 1n sone rospoct, practically the equivalent of a cor~
roeponding loss in tho maxinmunm 11ft cooffliclent. The
amount of thls loss depends on the character of tho stall.
If tho stall 1g sudden and viclous, corrcsponding to tho
incivlent opln with complete losk of control, the warning
must be glven very early to preclude the posslibllity that
the ctall mey be reached inadvertently. In fact, some
questlon exists as to whether the most viclious stalls
shoulé be considered acceptables at all; but, even 1f they
ere acceptable, the loss of effective maxinmum-1ift ig ex-
cessive., 4t the other extreme, when the stall 1ls gradual
and correnponds to no autorotational tendoncles or loss of
control, this offective loss of nmaxinur 11ft may be prac-—
tically oliplinatod. Tho warnlng nay be given at an angle
of ~ttack several degrees before the raximum-lift attl-
tude but, owlng to the flat-top character of the 1ift
curve, 11ttle lors of 11ft 1s involved,

Pregent statug.-~ It tiierefore appears that, in prin-
ciple, a study should be made of the original solution of
the stalling problem mentioned in the first paragraph of
this report. The practical a»plicatlion of this solution,
however, involves thc development of devices applicabdble
to modern efficicnt monoplanes without aporeciable sacri-
filco of efficlency and wlthout loss of maximum 1ift. The
flrst step has been to seek alrfoll sectlions having grad-
uval stalling charscterlstice dbut, unlike the sharp leadlng-
edge sectlons, without reduced maximum lifts.

Alrfoll sections haviag the gradual stalling charac-~
terlisgtic, that 1s, & flat-top 1ift curve, have long been
reco(nizod as desirable in that they assure a gradually
developing nnd symmetrlical stall freo from serious auto=-
rotational tendencieos. Soctions having rounded lift-curve
penks haveo, in fact, bYeen avallable; for exsmple, the
N.A.C.A. 4412 (reference 1) end others of this clasg hav—
ing moderately large cambers at a poslition near the mlddle
of the section. Thip type of section, however, tends to-
ward oxcesolve drag at high speed. The nost efficisnt
high-gpeed sections, on the other hand, tend to show a

suddon loass of l1ift at the stall,

LN <A



PRESENT INVESTIGATION

The present wind-tunnel investigation began in an at-
tempt to alter the efflclent N.A.C.A. 23012 gection with
a view toward obtaining improved stalling characteristics.
The alteratlion was accomplished by the deflection of a
large~chord flap that will hereinafter be referred to as
the "stall~control flap." The flap chord chosen was 60
percent of the alrfoll chord (O.Sg) go that the deflection
of the flap tended to produce meen~line shapes somowhat

like thomse of the alrfoll sections N.A.C.As 4412 and N.Ad.C.A.

6412,

The results of the preliminary tests proved very satls-

factory. In fact, flat-top lift curves were so easily ob-
tainable that the investigatlion was extended to include the
appllcation of the stall-control flap to sectlons having

high-~1ift devices (in most instances a O.2c¢ split flap) of

the typo that previously had the most viclous stalling char-

acteristicea. Agaln 1%t was found that, within limits, the
viclous stall could be coanverted into the gradually devel-
oping desirable type and, in some instances, without e
loss of maximum 1lift.

The next phase of the investigation consisted of ana-
lytical studlies of the application of the stall-control
flap to tapered wings and also of a few experimental checks
in tho variable-density wind tunnel of the prodicted re-
sults. The use of these flap combinations on tapered wings
leads to unusual flexibility of aerodynamic deslgn because
the large flap tends to control the 1lift distribution along
the span, and the small flap controls the lifting capablil-
l1tles of the various sections along the span. In fact,
the Comnmittee has bullt for experimental purposes a highly
tapered wing having flaps of this type that may be variled
to lnvestigate tho effects of changes in the load distri-
bution and in the 1lifting capabilities along the spane
With sultable flap combdinations, 1t appears that gradual
center stalling at high 1ift coefficients may be brought
about evon with highly taperod wings.

Several secondary results ettend the use of the stalle-
control flap. The designer, however, must declde whether
or not the varlous results, the value of which he may es-
timate from calculations, are Jjustifiable on his particu-
lar design. This report is intended to be sufficlontly
complete to glve the section characteristics required for



these tapered-wing calculations for the stall-control flap
used with or without a split-flap high~lift device. Ex-
cept for a brief discussion and an example indicating one
way in which the stall~control flap may be employed, the
problem of its application to wing design will be consid-
ered outside the scope of this revort and left, for the
time belng, to designers, who may make the necessary cal-
culations from the data presented herein,

AIRFOIL SECTION CHARACTERISTICS

Tests.- The usual 5~ by 30=inch duralumin models and
test procedure (reference 2) were employed in the variable-
density tunnol (reference 3) to obtain the desired section
characteristice for the combinatlons wlith the stall-control
flape In most instances the basic airfoll section N.A.C.A,
23012 (references 4 and 5), was used, although in a few in-
stanceg a thiclter airfoil of the same family, the N.A.C.A.
23015 (reference 5), was employed.

The flap was formed by sawing the alrfoll at the 40-
percent stetion and attaching a thin steel plate let in
flush on the lower surface, which formed a hlinge by bend-
inge Finally, the gap was fllled with plaster of parils
and carefully finished nlong o radius tangent to the upper
surfaces of the front and back parts of the section. This
procedure assured o smooth and falr upper surface having
a radius of curvature above the hinge approximately equal
to the airfoll thickness. The small-chord plain flaps
were formed in substantinlly the same way.

In practice, i1t might be difficult to provide as failr
an unper surface as that formed on the models. Further-
more, 1t was considered that the upper-surface shape, par-
ticularly in the neighborhood of the large flap hinge,
miszht exert o marked effect on the character of the stall.
For these reasons the three variations indicated in figure
l were investigated for one flap combination. The results
indicetod surprisingly small, 1f not negligible effects,
even vhen & broak on the upper surface was made almost
sharp to slmulnte a practlecal case such as a plano hinge
along the upper curface.

Resultg.~ The charancteristics of the varlious flep
combinatlons arc presented in figuros 2 to 7 and in table
I. The usual graphic and tabular forms of presentation




_(reference 6) are employed except that, for compactness,
several ?lap displacements are included on each plot and
redundant curves or those vresenting characteristics of

minor importance such as C,, L/D, and the 1ift peak at

reduced Reynolds Number have been omitted. The most im-
portant results are given on the left-hand portion of the
plots (lift curves for aspect ratio 6, effectlve Reynolds
Numbor apnroximately 8,000,000). These curves indicate
the charactecr of tho stall. 4 gradually developing stall
1s indicated dy a rounded lift-curve peak, The actual
pPresonce of thlsc progressive type of 1lift variation with
anglc of attack was checked by recording for each combl~
nation the actunl variation of 1lift with angle of attack
nvar the stall by an automntically recording electrical
1lift balancc, which actually drew the lift-curve peak,

The stall ns thus revnrosented ia, of course, for the
rectangular wing of aspect ratio 6 rather than for the
section., The soction stall may be expected to develop
less graduelly, owing to spanwise progression effects in-
cluded in the rectengular airfoll teste (reference 2), dut
somo exporimental evidence exlists to indlicate that the
section stall will not be of a differont character. Sec-
tion 11ift curves, as requlired for tanered-wing calcula-
tions, may be derlved from the presented Cp ocurves by

the mnethods of reference 2, that 1s, each angle 1s reduced
by 3.17 O, degrees to obtaln the curve of ¢; against

., and Oy is usually increased by the factor 1,07
o “nax

to obteln the section value, cy

nax

The other important results are shown as section
characteristics on the right-hand portlon of the flgures.
The fully corrected (reference 2) section profile-drag
results are glven and the pltching-moment characteristics
of each soction are represented by °n( el).? the pitch-
[ ] l[o

ing-moment coefficient of the section about tho aerodynam-
¢ center of the undoformed pection.

Resultos are given for soveral large-chord flap do-
flectionas (0°, 49, 8°, 129, 16°, 20°) and for each of sev-
eral largo-chord flap defloctions wlth the 20-percent-
ckord gplit flap deflocted various amounts (0°, 15°, 30°,

45°, 60°). A fow combinations with a plain flap rather
than n gnllt flap are slso included.



Digecuggion.~ The most important results from the ap-
plication of the stall-control flap are the change in tho
character of the stall, tho chango of the stalling angle,
and the increase of 1ift at a given angle. The effective-
ness 1ln chongling the character of the stall when applled
to tho N.A.C.A. 23012 1s indicated by the 1ift curves in
figuroc 2. A 4° dofloction 1s not sufficlent to remove
entirely the sudden fluctuations of 1ift at the stall but
the 80 and the higher settings show the desirable rounded
lift—-curve peaks. The most deslrable shape is given in
the neighborhood of 12°. At this deflection only a
sligzht gain in chax is shown; however, the 1ift curve

shape 1ls inproved the stélling angle 1g reduced approx-
imately 5°, end C;; at o =0 is increased from 0.09.

to 0.88. This change in 1ift is approximately that ex—
pected fron airfoll theory, the rotation of the flap
belng approximately 0.9 as effective as the rotation of
the whole airfoll,

Other changes produced by the flap are shown 1in the
right-hand part of figure 2. ¥oderate flap deflections
show very sllght changes 1ln profile drag in the useful
range of lift coefficients. The 12° deflection gives a
pitching-moment coefficlent at =zero 1lift of ~0.087, only
a little more than the plain Clark Y airfoil. Thls pitch-
ilng noment assoclated with the flap deflectlion ie small as
compared with that for an ordinary small-chord flap de-
flected to produce the sane lift-curve dlsplacement,

Flgure 3 is included so that the actlon of the stall-
control flap may be compared with thoe usual split flap.

The split flap. of course, produces marked galng in chax

but the stallling angle is little affected and the severity
of the sudden drop in 1ift 1s markedly lncreased.

Flgures 4, 5, 6, and 7 show the possibllity of com-~
bining the two types of flap in order to reallze the de-
sirable characteristics of both. Here again the 12° de-
flection of the stall-control flap (fig. 5) proved the
most effective 1in that the rounded-type lift-curve peak
could be maintalned up to a split-flap deflection of 45°
This combination burbles approximately 9° earlier than
the same alrfoil without the stall-control flap and gives
a COp for o= 0° of 1,7 and = chax of 2.37. This

value corrocts to o gection maximum 11ft coefficlent

cy, = 2.54. It should bo remcmbered, however, that the
max
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stall of the gegtion should not be expected to be as grad-
ual as the stall of the tested rectangular wing formed
from the.same section. _

APPLICATIOR TO WIRG DESIGN

Tapered Wings

Upson and Thompson (reference 7) have indicated that
highly tapered wings, 65:1 or more, are generally aero-
dynamically desirable when the wings are adjusted to equal
structural efficlency and when the variation of chaz

with taper 1s not taken into account. This result was not
antlclpated by the many engineers who considered a reason-
ably close avproach to the elliptical wing to be the beat
deslgn, The elliptical wing 1s aerodynamically superior
when wlangs of equal area and span are compared but, if
wings of equal structural weight are compared, the in-
creaged span possible through the use of a high taper ratio
more than compernsates for the losses assoclated wlth the
departures from the elliptical load distribution.

A loss of maximum 1ift 1s, however, assoclated with
high taper ratios. A brief ananlysis made at the N.A.C.A.
laboratory and reported at the 1936 Manufecturers! Confer-
ence indlcated, when the maximum-lift variation was taken
into account on the assumption that variable twist or some
other device such as the stall-control flap is not employed
to ovold -the loss, that the taper ratlo cannot advantageous-
ly bo carrled much boyond 3:1 and that, even with moderate
tapors, these wings are open to the objection that tip-
stalling difficulties are likely to be encountored.

On the otuer hand, wing stiffness in relation to flut-
ter, asldo from strength, may become a very important con-
sldoration., Wing stiffness has not been adequately consld-
erod in any of tho analyses, dbut it ig apparent that such
congslderations would strongly favor high tapor ratlos.
Those conslderations were instrumental in bdringing about
tho prescont investigation directed toward the avoldance of
tho maximum-1lift losses and the tip-stalling difficultlos,
aerodynamic characteristics of highly tapered wings that
block the realigation of thelr structural asdvantages. How
those difflculties with highly tapored wings may be minlim-
lzed through tho use of the stall-control flap is best
brought out by means of an example.
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Example

A wing of 40-foot span, aspect ratio 10, taper ratio
4, and a landihg speed of approximately 65 miles per hour
has been chosen for the example. Wing sections of the 230
series are employed and, for simplicilty, the section thlck-
nosses are considered to vary only from 11l to 14 percent

of the chord so that variations of ¢ with soction
max

thicknoss are unimportant. The analysls 1n any case 1is
made by the methods of references 2, -8, and 9,

Plain wing.~ The methods of reference 2 are flrst em-
ployed to predict the varliation of the liftlng cavabili-

ties (cl ) of the sections. Allowance is thus made
nax

for the variatlion of Reynolds Humber along the span (from
7.9 to 1.2 X 10° between tke root and the sectlon at 0,9
semiapan),

Tho result is indicated by the dottod line in figure
8+ Tho distridution of ¢y, as shown by the solld curve

in tho figure, is found from the L, tables of reference
8 or 9 after multiplylng the corresponding cla values by

a sultaple factor. The tahulated values are for 'Gﬂ = 1,

end the factor (1,28) is chosen to bring the solid curve
up to tl.e dotted one. At thls point the local 1ift ey

has reached the local capabllity c‘max and stalling may

bn expected to begin. The factor l.28 slives, of course,
the corresponding wing 1ift coefficlent C7 at which

stalling begins., Little is known about the relation of
this ©C value to chax' but certain experiments and a
few preliminary flight tests have indicated that this Oy

value at whilch stalling beging elther approximates chax

or ig effectively chax when tip stalling 1s involved

because the airplane cannot be maintalned in gsteady flight
at higher values of Op owing to the loss of control as-

soclated with the tip stalling. In fact, the predicted
value nmay actually be tono hizh when 1t is based on a °1max
curve of a frequently encountcred type for which occa-

sional or intermittent stalling may be preseat at o consid-

ercbly lower value than that indlcated by cy, .
max

1-cl
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In any event, the _ regults indicate that stalling will

. begin near the O. 85 utation at a wing-1ift coefficlent ap-

proximately °L = 1,28, The tip stalling and reasons

for it are thus clearly brought out by figure 8 and the
losas of OL asgoclated with the high taper may’ be appre-

clated bdy. compuring, for example, the wing maximum 1ift co-
efficiont 1.28 ‘'with the root sectliom maximum 1ift coeffi-
¢ient 1,61,

Partisl-gpan flap.- The example 1s now extended to in-
clude tho application of a partial-span split flap. The
flap, 20 percent o, deflected 46°, and partial span as in-
dicated on the plan-form diagram in figure 9 is considered.
The c¢j distribution (fig. 9) is found by the method of

reference 9 by andding together suitable proportions of tho
cy and clb distridbutions. The pertinent soection 1lift
o

curves for the various sections are included in flgure 10.

It 1s apparent that the lifting capabllities more
than ever eoxceed the actual 1ift coefficients over the cen—
tral or flapped portlion. The results suggest that stalling
will begin Jjust .outboard of the flap end and at a wing 1lift
coefficlent near 01 = 1.6l, Little i1s known in this case,

howsever, about the stall - how i% would progress over the
tlp portion, how it would affect the lateral control, and
to what extont this simplified theory may be in error owing
mainly to the neglect of complications resulting from the
three—~dimensional charancter of the flow near the flap end.
Results in better accord with experiment would probably be
obtalned 1f the break in the dotted curve indicating the
loss of 1l1fting capabllities at the flap end were falred
out over a epanwlise distance equal to one or two flap
chords. These matters require further experimental inves-
tigntion; nevertheless, the result C;, = 1.61 may be com—

pared with clmaz = 2.38 at the center section to indi-

cate very roughly the loss of maximum 11ft associated with
the high taper and partial-span flap.

Stall-control flgp.- The application of the stall-
control flap will now -be congldered. It is spplied to
only a short portion (26 percent) of the wing near the
center span in order to permit its use without the addi-
tion of much structural weight and complication, A4s shown
by the results in figure 11, center stalling may now dbe
expected to develop, owlng partly to the decrease of lift-
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ing cepabilities over the center portion covered by the
stall-control flap and partly to the dbuilding up of the
1ift assoclated with the large-chord flap deflection of
12°, As compared with the preceding example wilth the split
flap only, the gain in 1li1ft, when stalling 1s equally like-
ly to start at the tip, i1s shown by the shaded area. The
1lift in each case is adjusted so that tip stalling is
equally likely as judged by the coincldence 1n the reglon
of the tip of the heavy ¢, curve and the light curve rep-

resentling the preceding case. The gain is therefore two-
fold, Not only i1s the tendency toward the desired center
stall of the gradual type realized, but the corresponding
wing 1ift OCy 1s increased, as shown by the shaded area,

from 1461 to 1.7, Thus the objJection to certalin methods
(sharp leading edges, small or inefficlent fillets, or
other spoller devices) previously used to dbring edbout
gredual ard early center stalling through some loss of
maximum 11ft has been overcome.

Ineidental Advantages

Some secondary advantages arising from the use of the
stall~control flap should also be mentioned. For flylng
boats or airplanes with tricycle landing gears, take—off
difficultlies may be reduced owlng to the large 1lift coef-
ficlents that may be realiged with the sirplene in approx-
imately the level attitude. The improved lateral stabile
1ty at the stall associnted with the flat-top lift curve
has been mentioned. Improved lateral control may also be
secureds When a large drop in 1lift occurs 1ln passeing from
the inrer to the outer or allerom portion of the wing, the
shed vorticity tends to cause the aileron portion of the
wing to operate in tho assoclated region of induced upwash,
¥Then the not 1nduced velocities on the wing sectlon are in
the direction corresponding to an upwash, the local 1ift
vector 1s sloped forward, Hence, when the 11ft is in-
creased by a displacement of the alleron, the forward com-
ponoent is alsr increased, tending to pnroduce, 1ln turn, a2
favorable induced yawing momont. This characterilstie,
that is, the loss in 1i1ft that may be provided by excess
flap deflections inboard of the allerons, may allow the
use of droopod ailerons, which have previously been avold-
cd on account of their largo advorseo inducod yawling mo-
ments although, of course, the drooping of the allerons
tends to remove the desired 1ift change. Calculatlons
such as those of the foregoing example indicate that the
increased 1lifting cavabllitles assoclated with the drooped

-39
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allerons, while influencing directly only a small portion
of the wing, may 1n some cases yleld a considerable galn

in Gq by allowing the entire wing to operate at a
mex

higher 11ift coefficlent.
Structure

At first sight the structural problems assoclated
with the O.6c flap appear formidadle. Certain types of
wing structure, such as single spar wilth torsion leading
edge, or other types that at present seem to be conlng
into favor, with the maln structure well forward and with
fabric~covered trailing-edge vortions, permit the applica-
tion of the large-chord flap without major changes in the
structure. In any event, the ribs must cantilover from
tho spar, and whethor or rot tho large flap 1s moved makes
vory little differonco in tho londs on the rib members ot
tho spar becnuse theso are a furnction =2lmost entirely of
the dlsplacement of the small-chord high-lift flap at the
tralling edgze. These snme loads must be dealt with when
the large flap 1s not present. The complication is only
that of makling the structure movable under these loads.

Problems associnted with the operating mechanism
should not be very difficult when a short-cpan flap, s in
the preceding example, 1s employed. With a stall-control
flap covering a2 considerable portion of the span, which in
some cases appears advantagzeous, the best solution apparent-
ly lnvolves the use of many hinges and hydraulic-jack unlts
distributed along the spar. '

Other Devices

There remain to be considered other methods of avold-
ing the tip stall, Some washout may be employed to advan-
tage and, for moderate taper, the small washout that 1s al-
lowable without serious doetrimental eoffects (reference 8),
togethor with a small change in »nrofile to a hlgher 11f%
(430 gerios, for oxample) though loss efficiont sectilon,
may be omployod over the tip portion. Some loss 13 always
involved, howover, and tho loss rapldly becomes large as
the taper 1s increansed,

The otaer posslbility that has previously been sug-
gested (reference 10) 1s the use of leading-edge slots over
the outer portion of the wing. As indicated 1n reference
10 and as celculations made in the nreceding example read-
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ily show, the method should be effective; but many objec-
tlons have been advanced to the use of movable tip slots.
Whother or not the increased maximum 1ift compensates the
additionnl drag, welght, dangor of improper functioning,
and complication remains a question. Furthormore, 1f the
angwor definltely favors the usc of slots, thon 1t appears
thnt thls typo of section may be considered for use through=
out tho ontliro wing rathor thon oaly for the tip nortions,
and the nroblem of tip stalling then returns in 1ts origil-
nal forme Its solution by the omiassion of the leadlng-
edge slots over the central portions becomes almost the
equivolent of introducing sharp leading edges or other
spoliler devices on the originanl wing. JFrom this viewpoint,
an aerodynemic loes 1s accepted to avoild the tip stalling.
It then oppears that, even though slots should prove to be
gonernlly advantngeous, the aipnll-control flop used togeth-
er with the slotted sections moy remain the most efficlent
moons of avolding tho tilp stall of highly tapered wings.

Viewed from considerantions of improving exlsting wing
tynes, however, either the sharp leading edges or the ad-
dition of leading—edge slots at the tips may be sntisfncto-
ry. Tho reduced liftins cnpnbllitles near center span ns-—
socicted with the spollor devices (sharp leading edges, in-
eZflciont fillets, motor nacelles, or the absence of lead-
ing-odzo slots) do not nocessarily eoxert a primary effect
on tho wing naximum 1lift. With highly taperoed wings the
l1ifting copabllitios of the conter soctions may bo reducod
to o point corresponding to equal likelihood of coenter nnd
tlp stolling without approcilably affocting tho wing maximunm
1ift c~lthoush, as compared with wings having less taper or
a devicc giving effectivoly a variadble twist such as tho
stall—-control flap, somo loss of maxinmum 1lift nust be ac-—
coptod,

On the othor hand, whon ‘tho wirg nmaxzimun 1ift 1is doter-
mincd primarily by tho lifting capabilities of tae tip sec—
tions, the eriterion for tho selection of these soctions
nuat bo nodificd. Soctions that would othexwlse be Judged
inforlor, owing to objectionable complications or to o
gsonovhnt cxcossive drag, should beo considerod. Such sec=
tiors nny provo accoptable as cprlying to only a small part
of the wing bocauso they may vornit an increase of 1lift
over tie vwiaole of theo wing.
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CONCLUDING REMARKS

An aerodynamically satisfactory solution to the prob-
lem of the stalling of tapered wings now appears to be
avallable.

It 18, of course, reallzxed that the application of
the stallwcontrol flap adds difficulties and complications.
Whethor or not the result is worth tho expense must be de-
cldod by the designer in relation to a particular project
undor congldoration. It is hoped that tho prellminary
date prosonted heroln will be of assistance in such design
Btudioa-

Langley Memorlal Acronautical Laboratory,
Natlonal Advlisory Committoe for Aeronautics,
Langley Fleld, Va.,, Octodber 14, 1937,
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LEGENDS 17

Effect of upper surface curvature at hinge.
¥.A.C.A. 23012 with 0,6c flap at 12° end 0,3c -
ordinary flap at 15°9. Rectangular wing, as-
pect ratio 6, free air, '

Alrfoil with stall-control flap, X.A.C.A. 23012
with O0.6c flap. Rectangular wing, aspect ra-
tlo 6, free air,

Alrfoll with split flap, N.id.C.A. 23012 with 0.2c
split flap., Rectangular wing, aspect ratio 6,
free air,

N.A.C.A, 23012 with 0.6c flap at 8° and 0.3c split
flap, Rectangular wing, aspect ratio 6, free
alr,

N, A.C,A, 23012 with O0.6c flap at 12° and 0.2¢ split
flap, Rectangular wing, aspect ratlo 6, free
air,

¥.A.C.A, 23012 with 0.6c flap at 16° and 0.2c split
flap. Rectangular wing, aspect ratlo 6, free
alr,

Stall-control and plain flaps, Rectangular wing,
wing, aspect ratlio 5, free air,

Plain wing., Plan form and distridution of 1lift
coefficlent and 1lifting capabllity.

Wingz with partial-span flap, Plan form and distri-

bution of 1ift coefficient and 1lifting capadllity.

10.~- Section data for the calculatlion of the partial-

span flap usod in the example (Ry approximate-
ly 8,000,000). The 1ift peaks indicate how
the soction maximum 1i1ft correctlion 1s made,

1l.,~- Wing with stall-control flap. Plan form and dis-

tribution of 1lift coefficlent and 1lifting capa-
bility.



TABLE I

CHARACTERISTICS OF N.A.C.A. 23012 AIRFOIL WITH STALL-CONTROL AND BMALL-CHORD FLAPS

Derived agd additional charaoteristics

?lgg Small-chord flap Classification Fundamental sectlon characteristics thit mey bé used fer strwitarel design
Alrfoll | deflec~ | Flap~ Defleo- c Effective a (p " c.p. at| Wing gh-'nouruuu

tion ohord Type |tion Chora | PD| SE R 14 e a ° ¢ a.c., {perce oy, ) A = 6; rol s

(deg.) jratio (deg.) tmax N&r};ggr ’ ‘max| "o (per Yopt, cdom_n c%.c)' ¢ trom uﬂi —BL (c:r u, 12

(millions) (deg.)| deg.) ‘Ahead[Above o1y | (P82~ al *
N.A.C.A, ) 13| %) (*) (®) (M (*:%) | (®) (e (20) .
23012 0 - A feietp2| & 8.4 1.74 | -1.2 | 0.100 |o.08 {0.0070|-0,008( 1.2 | 7 249 25 4,34 °-ggg§
23012 & - A -1 - B 8.5 1.73 | -4.6 | .097| .3 0080| =-.035| - - 216 28 A2 .
23012 8 - A -1~ D 8.5 .75 | 8.1 | .o98| .2 | .o089| -.081 =~ - 197 29 4.28 »0093
23012 12 - A - |- D 8.4 1.77 {-11.9 | .096 | .3 | .o098| ».095| - - 181 2 4.20 . glos
23012 16 - A -1~ D 8.3 1.74 | -15.1 .102 3 0108| =-.12 - - 161 33 AJAL .ollQ
23012 20 - A - |- D 8.4 1.79 | -18.7 099 | .4 L0121 | -.15 - - 148 3k 4. 32 .0133
23012 0 0.2 A - b2} a 8.4 2,09  -5.3 | .104| .4 [ .0280| -.10| =~ - -] 3l 4.47 -0281
23012 0 .2 A -|p2| & 8.4 2,33 | -9.3 | .05 - . -1 - - - 34 AAd -
23012 0o .2 A - | b2 A 8.5 2.50 | -12.4 097 | - ®.120 -8 - - - 34 4,24 -
23012 0 .2 A -lp2| a 8.5 2,55 | -14.3 5 | - [*.165 | -.a - - - 5 4,18 0296
23012 8 .2 A - |- D 8.4 2,09 |-12.1 104 | .3 L0291 | -.16 - - T2 &3 4.47 <029
23012 8 .2 A - - D 8.5 2.38 |-16.1 102 | - *.075 -.25 - - - 35 4.4l - 2
23012 12 .2 A - 1= D 8.4 2,07 |-16.0 103 | .5 03031 -.19 - - 68 34 444 031
23012 12 .2 A - ]- D 8.3 2,38 |-20.0 102 | - .0 -.27 - - - 36 A 4L -
23012 12 .2 A - - D 8.3 2,54 |-22.9 098 | - ®,120 -.32 - - - 37 4,28 . -
23012 12 .2 A - |- B 8.4 2,62 |-25.4 093 | - *.163 -35 - - - 36 4,11 -
23012 16 .2 A - |- c 8.5 2.01 -19.4 104 .6 L0310 | -.22 - - 65 36 & AT 0821
23012 16 .2 A -1 - A 8.4 2.40 |-23.2 L105 | .1 12075 -.30 - - - 38 4.51 -
23012 16 .2 A - |- B 8.4 2.54 [-26.5 .099 .1 v.120 -.35 - - - 38 4.32 -
3012 16 .2 A - - A 8.4 2,62 |-28.4 | .094 | .2 [*160 | -.36| -~ - - 38 414 =

23012 12 .2 A - |- D 8.4 1.98 |-19.1 | ,087 [ .2 [.0150| -.23| - - 132 35 3.89 -0156
23015 12 .3 A -~ 10 8.3 2,24 |-30. .079 | .2 [*135 | -.37) L1 6 - % 3.6 -
23015 6 .2 A - |- D 8.3 2.46 (-24.0 .087 [-.1 |[%.130 -5 - - - 37 .89 -
1Type of ohord. A refers to a chord defined as a line jolning the extremities of the mean line of the airfoil without flaps.
#7ype of pressure distribution,
3Type of scale effect on maximum 1lift. See reference 2, fig, 44,
4Type of lift-curve peak as shown in the sketohes.

AL N

S Turbulence factor is 2.64.

® These data have been corrected for tip effect.
"Angla of zero lift obtained from linear lift curve approximating experimental 1lift curve,
®8lope obtained from linear lift curve approximating experlmental 1ift curve.

®oq, lay outslde range of lift coefficlents covered ln these teate, Value of c¢g
Omin Omin

ANy

approximately over entlire useful range of lift coefficlents.
10 o* o) e taken about the aerodynamlc center of the airfoll without flapsand is the average value,

shown applies
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